Supporting Information S1: Experimental Methods
All chemicals were purchased from Sigma Aldrich and used with no further purification. 0.8ml oleic acid, 0.8 ml oleylamine and 24ml 1-octdecene were loaded into a three-neck flask and degassed for one hour under vacuum (10 -2 mbar or better) at 80 °C. 0.26g CsCO 3 was added to the reaction vessel and degassed for one hour at the same pressure and temperature. The flask was flushed with nitrogen and heated to 100 °C for one hour or until all CsCO 3 was dissolved. Subsequently, the reaction mixture was heated to the chosen reaction temperature (typically 170 °C) before 5ml of a 1M solution of SnX 2 (X=Cl,Br,I) and tri-n-octylphosphine was swiftly injected into the prepared Cs-precursor. For the mixed halide samples an equimolar ratio of SnBr 2 and SnI 2 or SnCl 2 and SnBr 2 dissolved in tri-noctylphospine was used. The reaction vessel was kept at the injection temperature for 1 min before an ice-cold water bath was placed under the three-neck flask to quench further nanocrystal growth. We note that no further color change was observed after ca. 2 sec reaction time. Purification of the assynthesized nanocrystal was performed in an Argon-filled glovebox (O 2 , H 2 O < 1ppm). Perovskite particles containing bromide or iodide as the only halide component were purified by flocculation to turbidity using an equal volume of 1-Butanol followed by re-suspending in hexane. This process was repeated twice. For the mixed halide and chloride-containing samples the addition of 1-butanol resulted in dissolution of nanocrystals and precipitation of the starting SnX 2 salts. To obtain these crystals the crude reaction solution was centrifuged before the supernatant was discarded. The nanocrystals were then re-suspended in hexane. This process was performed twice. The final nanocrystal solution was centrifuged at 4k rpm for 2 mins before filtering through a 200 nm PTFE filter to remove aggregated material.
Steady state optical measurements
Measurements where conducted on particles in octane which have been loaded into quartz-glass cuvettes (Hellman) under inert atmosphere. For recording absorption spectra a Hewlett Packard 8453 UV-Vis spectrometer was used. Visible photoluminescence measurements were performed on an Edinburgh Instruments FLS980 fluorimeter. Infrared photoluminescence measurements were performed using an Andor iDus DU490A InGaAs detector and the samples were excited with a 532 nm laser.
Powder X-ray diffraction
Samples were prepared in glass capillaries with outside diameter of 0.3 mm or 1 mm and sealed with capillary wax. Powder diffraction experiments were carried out on a PANalytical Empyrean Empyrean Series 2 Diffractometer System with CuKα radiation (λ = 1.540598 Å, 1.544340 Å). Rietveld analysis 1 was performed using the FullProf suite of programs 2 over a 2θ range of 10°-70°, with step size of 2θ = 0.0167°. Backgrounds were fitted using a linear interpolation of data points. The peak shape was modeled using a pseudo-Voigt function and peak broadening was modeled using a symmetry dependent Scherrer analysis. 3 This analysis uses a spherical harmonic expansion dependant on the Laue class of the crystal. Micro-particle size is then inferred by comparison with the peak widths of a crystalline silicon standard.
Gated Intensified CCD (ICCD) measurements
Time-resolved photoluminescence measurements were taken with a gated intensified CCD camera system (Andor iStar DH740 CCI-010) connected to a grating spectrometer (Andor SR303i). Excitation was performed with femtosecond laser pulses which were generated in a homebuilt setup by second harmonic generation (SHG) in a BBO crystal from the fundamental output (pulse energy 1.55 eV, pulse length 80 fs) of a Ti:Sapphire laser system (Spectra Physics Solstice). The laser pulses had a photon energy of 3.1 eV and a fluence of 30 μJ/cm 2 . Temporal resolution of the PL emission was obtained by measuring the PL from the sample by stepping the iCCD gate delay for different delays with respect to the excitation. The gate width was 1.5 ns.
Time-correlated single photon counting (TCSPC)
The sample was excited with a pulsed laser (Fianum Whitelase SC-400-4, FWHM 10nm, 6ps pulse lengths) at 0.5 MHz repetition rate. Pump scatter light from the laser excitation within the photoluminescence path to the detector was filtered-out using an absorptive long-pass filter with a 590nm edge (Thorlabs). The photoluminescence was detected by a single-photon avalanche photodiode (SPAD) based on Si (MPD-PDM-PDF) with an instrument response of ca. 200 ps.
X-ray photoelectron spectroscopy (XPS)
XPS samples were prepared in an argon filled glove box (O 2 , H 2 O < 1ppm) by spin-coating from a dilute nanocrystals solution (ca. 5 mg/ml) onto silicon wafer substrates where a ca. 100nm film of gold was thermally evaporated. The samples were then transferred to an ultrahigh vacuum (UHV) chamber (ESCALAB 250Xi) for XPS measurements with less than 10 seconds exposure to ambient. XPS measurements were carried out using a XR6 monochromated AlK α X-ray source (hν = 1486.6 eV) with a 900 µm spot size and 20 eV pass energy.
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Supporting Information S2: Powder X-ray Diffraction of CsX precipitate Figure S1 : XRD pattern of the turbid suspension formed when standard synthesis method for CsPbX 3 nanocrystals were adapted. 4 The XRD signal is in excellent agreement with literature values for CsCl. 5 Supporting Information S3: X-ray diffraction analysis of CsSnX 3 nanocrystals a) Structural data for CsSnCl 3 Figure S2 : Structure of cubic CsSnCl 3 . SnCl 6 octahedra are shown in gray with corner sharing Cl (green). The Cs atoms (blue) occupy the A sites in the overall ABX 3 perovskite structure. The apparent particle size from micro-structure analysis is 23.2 nm. Figure S4 : Structure of orthorhombic CsSnI 3 showing distorted SnI 6 octahedra (purple) with partially occupied Iodide sites (white/purple corners) and disordered Cs (blue). Apparent particle size from micro-structure analysis is 48.9 nm.
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Supporting Information S4: ICCD data on mixed chloride-bromide and chloride containing perovskite nanocrystals Directly synthesized mixed halide perovskite nanocrystals are prepared as shown in Supporting Information S1.
The post synthetic anion exchanged sample was prepared by mixing purified CsSnBr 3 and CsSnI 3 nanocrystals (1:1 mass ratio) in hexane to yield a total concentration of 10 mg/ml. A slight color change was observed upon mixing, no further change was observed after 1 minute. Optical absorbance and photoluminescence indicate the formation of mixed halide nanocrystals with a band gap intermediate between CsSnI 3 and CsSnBr 3 .
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Supporting Information S8: XRD patterns on mixed halide perovskite nanocrystals Diffraction of the mixed systems gives less intense, broader reflections. This is consistent with halide site disorder and resulting strain. Profileless pattern matching 6 (FullProf 1 ) was used to determine that both the Br 0.5 Cl 0.5 and Br 0.5 I 0.5 mixed systems form perovskites. A better fit was obtained using an orthorhombic space group over the cubic, however the extra peaks which identify Pnma are not clearly visible in this broad spectrum. Refined fits and cell parameters are given in Figures I and J and are summarized in Table S1 . Figure S9 : LeBail refinement of CsSn(Br 0.5 Cl 0.5 ) 3 as an orthorhombic perovskite. The background peak is due to the quartz capillary tube. Figure S10 : LeBail refinement of CsSn(Br 0.5 I 0.5 ) 3 . The background peak is due to the quartz capillary tube. Table S1 : Summary of structural data obtained through fits in Figure I Supporting Information S10: Fitting routine to extract the PL decay times of the studied perovskite nanocrystals 
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Supporting Information S11: Fluence-dependent TCSPC measurement of CsSnBr 3 nanocrystals Figure S13 : (a) TCSPC measurements on CsSnBr 3 nanocrystals using different excitation fluences. (b) The peak of the initial PL signal scales linearly to the applied excitation fluence. The dashed lines is a guide for the eye to emphasize this dependence.
Fluence dependent TCSPC measurements show a linear dependence of PL intensity with pump fluence indicating that all measurements were conducted in an excitation regime where the excitation densities are <1 excitation per crystal. In this excitation regime mostly monomolecular decay processes can be expected.
Supporting Information S12: XPS measurements on fresh and aged CsSnBr 3 samples Figure S14 : XPS measurements on fresh (color) and under inert atmosphere aged (gray) CsSnBr 3 nanocrystals showing the spectral region of (a) nitrogen, (b) bromide, (c) tin and (d) oxygen. We note that the aged sample has been aged in dispersion and was prepared for XPS just before the measurement.
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Supporting Information S13: XPS measurements on fresh and ambient environmentexposed CsSnBr 3 samples Figure S15 : XPS measurements on fresh (color) and under ambient condition aged CsSnBr 3 nanocrystals showing the spectral region of (a) cesium, (b) tin, (c) bromine, (d) carbon, (e) nitrogen, (f) oxygen and (g) phosporus. We note that the aged sample have been aged in film and exposing them to the ambient for 1 min and 5 min. The inset in (b) shows an increase in binding energy of the Sn3d 3/2 peak which is consistent with a partial oxidation of the tin component most likely from Sn(II) to Sn(IV). The increased intensity of the oxygen signal in (f) can be explained by the adsorption of molecular oxygen during the exposure to the ambient environment.
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Supporting Information S14: Absorbance spectra of fresh and to the ambient-exposed CsSnBr 3 particles Figure S16 : Absorbance spectra of CsSnBr 3 perovskite nanocrystals exposed to the ambient environment.
